In acute stroke, thromboembolism or spontaneous hemorrhage abruptly reduces blood flow to a part of the brain. To limit necrosis, rapid radiological identification of the pathological mechanism must be conducted to allow the initiation of targeted treatment. The aim of the Norwegian Acute Stroke Prehospital Project is to determine if anesthesiologists, trained in prehospital critical care, may accurately assess cerebral computed tomography (CT) scans in a mobile stroke unit (MSU).
Introduction
Revascularization of acute ischemic stroke is highly time dependent and the rapid diagnostic assessment in the acute phase is crucial.
1 Different approaches to reduce symptom onset to treatment time (OTT) are constantly developing. These include streamlining in-hospital logistics, [2] [3] [4] public information campaigns, [5] [6] [7] and developing prehospital prealert systems. 8, 9 Neuroradiology is mandatory 10 and cerebral CT or MRI examinations must be carried out to exclude intracerebral hemorrhage and large irreversible infarctions in all acute stroke patients. 11, 12 Sensitivity in the detection of intracranial hemorrhage (within 6 hours of symptom onset) and availability of neuroradiological examinations makes cerebral CT the preferred diagnostic tool in the hyper acute setting. 12 At present, recanalization therapy is only available to a small proportion of the acute ischemic stroke population. 13 Time
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delay to treatment is associated with low efficacy combined with a higher risk of iatrogenic intracerebral hemorrhage. 14 The use of prehospital cerebral CT scans in mobile stroke units (MSUs) is considered adequate to detect radiological contraindications for thrombolysis, 10 and recent publications with in-hospital specialists on board the ambulance or diagnostic work-up via telemedicine [15] [16] [17] [18] have reduced OTT. MSUs with telemedicine possibilities require a robust tele network coverage and the availability of in-hospital specialists. Recent published studies report technical challenges 16, [18] [19] [20] [21] [22] [23] [24] and none of these studies have assessed models in a rural health care system.
During the first preclinical part of the Norwegian Acute Stroke Prehospital Project (NASPP), we found that anesthesiologists trained in prehospital critical care from the national helicopter emergency medical service (HEMS) could interpret cerebral CT scans with excellent agreement when compared with the neuroradiologists. 25 In this second part of the NASPP, we included prehospital advanced diagnostics in an MSU to develop an independent diagnostic platform of acute stroke patients in the Norwegian prehospital system and HEMS. The aim of this study was to assess the inter-rater agreement between the pre-and in-hospital interpretations of cerebral CT scans and selection for thrombolytic therapy.
Methods
The NASPP was approved by the Norwegian Regional Ethics Committee (2098/2013). Patients included completed informed written consent, after an initial verbal consent. The next of kin provided consent in situations where a written consent could not be completed by the patient. Study inclusion lasted 85 weekdays from 8 am to 8 pm between October 2014 and January 2016.
The Mobile Stroke Unit
This pilot study was carried out in a specially designed NASPP MSU (image 1) (Mercedes Sprinter, Germany) equipped with a cerebral CT scanner (CereTom Neurologica, Samsung, Korea), a point of care biochemical laboratory (pocH-100i Automated Hematology Analyzer and HEMOCHRON Jr. Signature±, USA), and a telemedicine system (Meytech, Germany). The portable CereTom meets the American College of Radiology's recommended guidelines for Computed Tomography Dose Index. 26 Images were of high quality with 8-Slice, 17 lp/cm, and 1.25, 2.5, 5, and 10 mm thickness and with 3Hu @ 3 mm low contrast detectability and up to 512 × 512 image resolution. All CT scans were transferred with data-transfer via CAMD, 3G, 4G (UMTS [HSDPA/HSUPA]). Audio and CCT data-transfer using a DICOM format implements the pictures in hospital PACS. The Norwegian Governmental Radiation Protection Authority approved the CT scanner for prehospital use.
The Emergency Medical Communication Central (EMCC) used The Norwegian Index of Emergency Medicine as a guideline for dispatch. 27 At patient location, the anesthesiologist on board the MSU completed a brief clinical examination and scored the patient according to the National Institute of Health Stroke Scale (NIHSS). A prehospital cerebral CT scan was carried out based on clinical and predefined inclusion criteria (Table 1) .
Cerebral CT Scan Assessment, Training, and Performance
In the NASPP MSU, all personnel wore a lead coated apron during the CT studies. The Norwegian Governmental Radiation Protection Authority controlled CT radiation exposure routinely. Anesthesiologists enrolled in NASPP were experienced prehospital critical care physicians, and a mandatory 2-day course in cerebral CT scan assessment and web-based certification in NIHSS by HealthCarePoint was carried out before participation in the study. 28 The Stavanger Acute Medicine Foundation for Education and Research medical simulation center facilitated full-scale simulations for all MSU personnel before the start of the study. Simulations involved acute stroke patient care aspects, technical implementation of the CT scanner, and laboratory skills.
Immediately after the MSU arrival at scene, a brief clinical examination, NIHSS, and blood tests were assessed before patients, eligible for a prehospital cerebral CT, were placed on the ambulance stretcher. The MSU anesthesiologist assessed the complete CT scan examination and the scans were simultaneously sent by teleradiology to the on-call radiologist at the receiving hospital (Fig 1) The prehospital cerebral CT scan interpretation was for research purposes only, and blinded for the on-call radiologists. All CT scans were retrospectivly interpreted by a neuroradiologist to set a "gold standard." CT scans evaluated as of poor quality by the neuroradiologist, but considered adequate by the anesthesiologist and radiologist in the acute phase, are included in the analysis and interpreted as a "radiological contraindication."
Patients with CT scans with artifacts due to technical issues had a new scan taken on hospital admission. Information on age, gender, symptom onset, topography, brief history, and NIHSS was available for to the anesthesiologists, radiologists, and neuroradiologists. CT or MRI examinations from previous hospitalizations were blinded during the primary acute interpretation in the MSU to mimic the normally limited prehospital information.
The anesthesiologists and radiologists were asked to identify radiological contraindications for thrombolysis, and determine the radiological diagnosis defined as: (i) no significant pathology, (ii) intracranial hemorrhage, (iii) brain lesion, or (iv) hypodensity affecting more than 1/3 of the middle cerebral artery perfusion territory.
In-hospital cerebral CT scan assessments were carried out by the on-call radiology resident in the hyperacute phase to represent normal practice at the receiving hospital. They had no study-specific training before the study. However, all residents had completed an educational program as part of their training which included cerebral CT evaluations in stroke patients. The residents had from 3 to 36 months experience working as a radiologist.
Statistical Methods
Data on the CT scans are presented as raw numbers. Agreement between pre-and in-hospital assessments of the prehospital cerebral CT scans was calculated with Cohen's kappa for inter-rater agreement. The kappa statistic uses values from 1 (indicating perfect agreement) through 0 (representing no agreement beyond what can be expected by chance), to -1 (indicating perfect disagreement). Inter-rater agreement calculated by Cohen's kappa is considered a more robust measure than simple percent agreement, as it takes into account the possibility of the agreement occurring by chance. 29 When interpreting results, kappa values < .2 represent negligible improvement over chance, .2-.4 minimal agreement, .41-.6 fair agreement, .61-.8 good agreement, and >.81 excellent agreement. 30 Robustness of the results was assessed using the nonparametric bootstrap. 31 Population power analysis was not performed before the study due to the lack of literature published in this field. This study is therefore a pilot study. Time measurements had a skewed distribution, and were therefore summarized as median and quartiles.
Results
During NASPP study inclusion period, 68 patients completed a prehospital cerebral CT scan in the MSU and 51 scans were included for analysis (Fig 2) . The study population had more females (59%) than men (41%) and the mean age was 68 years.
Inter-rater agreement on finding radiological contraindications had a kappa of .87 representing excellent agreement between the MSU anesthesiologists and the on-call radiologists (Fig 3) . The neuroradiologists and the on-call radiolo- gists had a good inter-rater agreement with a kappa of .68. MSU anesthesiologists and the neuroradiologists had a kappa of .81. Classifying prehospital cerebral CT scans into four predefined diagnostic categories had a kappa value of .87 between the MSU anesthesiologists and the on-call radiologists (Fig 4) . Kappa between the on-call radiologists and neuroradiologists was .40, and between the anesthesiologists and neuroradiologists kappa was . 41 .
The radiologists classified six cerebral CT scans as intercranial hemorrhage, and the anesthesiologists identified five scans with radiological signs of bleeding (Fig 3) . One scan was misclassified as a brain lesion by the anesthesiologists, and identified as a hemorrhagic intracerebral hemorrhage by the radiologists and neuroradiologists. This CT scan was defined as a contraindication for thrombolysis by all the physicians. The neuroradiologists identified 10 CT scans as having radiological contraindications for thrombolysis. One of these was 
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Fig 4.
Radiological diagnosis in prehospital cerebral CT scan assessment (n = 51). MSU = mobile stroke unit.
not found by the anesthesiologists. This patient's cerebral CT scan had a few slices with artifacts and was therefore classified as a contraindication by the neuroradiologists. The anesthesiologists decided that the patient was not eligible for thrombolysis, due to a combination of comorbidity, medication use, and age. The median prehospital diagnostic decision time, defined as time from first patient contact to a completed prehospital cerebral CT scan (including interpretation), was 10 minutes (7 and 14 minutes). Median time from symptom onset to cerebral CT in the MSU was 1 hour and 17 minutes (59 minutes and 2 hour 20 minutes). Median transportation time to hospital was 39 minutes (31 and 48 minutes).
Discussion
The results from NASPP show that anesthesiologists trained in prehospital critical care in an MSU model can, after limited training, effectively detect radiological contraindications for thrombolysis, with high level of agreement compared to on-call radiologists at the receiving hospital. The results suggest that advanced diagnostics of acute stroke may be carried out closer in time to symptom onset and independent of in-hospital stroke specialists and telemedicine.
According to the American Heart Association Guidelines, cerebral CT scans may be interpreted by any specialty if the physician has acquired expertise in the field. 32 The level of expertise is not defined, however, and kappa levels > .8 are recommended as the minimal accepted agreement when implementing new models in health care. 33 In our study, MSU anesthesiologists and on-call radiologists had excellent agreement (kappa .87), and the prehospital interpretation was completed in median 39 minutes before arriving at the in-hospital CT facilities of the receiving hospital.
To set a gold standard for the interpretation, a consultant neuroradiologist assessed the same cerebral CT scans retrospectively. Kappa values between the anesthesiologists, radiologists, and neuroradiologists showed a good agreement. Similar results have been published when testing the level of agreement between in-hospital stroke physicians and radiologists. 34 Comparing classification of radiological pathology in predefined categories had fair agreement with the neuroradiologists. However, the interpretation in the hyperacute setting by anesthesiologists and radiologists compared to the retrospective evaluation by the neuroradiologists may have biased the results. The anesthesiologists were trained to be time efficient and leave detailed diagnostic evaluations for later where the neuroradiologists may have identified more subtle changes and spent more time on each scan. 35 This may be different if the anesthesiologists had more training in neuroradiology of stroke, 36 and should be considered when planning future studies.
The crucial time factor in acute stroke with the number needed to treat rapidly increasing after the first 60-90 minutes ("golden hour") 29 strongly suggests that optimal prehospital models may make it possible to initiate treatment within the best possible time window. 37 The limited access to specialists in rural areas suggests a model run independently by the emergency medical services rather than in-hospital neurologists and neuroradiologists via tele network interpretations. 38 The NASPP MSU conducted a prehospital cerebral CT scan and interpretation in median 10 minutes, before transportation to the in-hospital cerebral CT facilities. In rural areas, transportation time alone may limit the number of patients eligible for thrombolytic treatment. 39 The NASPP MSU provides an independent diagnostic platform and may be directly implemented and run by the already existing prehospital system. A JAMA editorial from 2015 suggested that the MSU concept should evolve into a neurological emergency unit, 40 and highlighted the need to serve a broader patient population. In a recent publication from NASPP, the time efficiency of prehospital cerebral CT diagnostics was illustrated by a case series of prehospital triage to neurosurgical care. 41 Prehospital cerebral CT diagnostics in close relation to patient location correctly assessed by the prehospital system may open for initiation of time crucial treatment and direct triage to comprehensive centers in acute stroke as well as other neurological emergencies. This may save both time and brain in rural areas.
Study Strengths and Limitations
The patient population in NASPP was enrolled from a realtime prehospital setting in a rural area. Patient characteristics were also representative for the stroke population in Norway, 42 apart from a slightly lower mean age and higher proportion of women. The NASPP study collected data prospectively in online forms during assessment of the enrolled patients and this allowed for analysis of real-time ratings.
This study has some limitations. First, the number of patients included is rather low. Patients included in the analysis were limited to those meeting the predefined study inclusion criteria ( Table 1 ). The aim of this study was focused on the identification of radiological contraindications to thrombolysis in patients identified as suspected acute stroke by the EMCC. In future studies, inclusion criteria may include all patients with symptom of acute cerebrovascular disease, such as acute intense headache which may be due to a warning leak from a cerebral aneurysm. Second, 4 of the 68 patients (5% and 8%) were excluded due to lack of image quality or artifacts on their CT scans.
Conclusion
This NASPP pilot study shows for the first time that anesthesiologists trained in prehospital critical care may effectively assess prehospital cerebral CT scans to select patients for thrombolysis, in acute stroke. The NASPP MSU is a time efficient and accurate acute stroke assessment model, and may therefore be implemented as part of the prehospital system, not as an additional specialized medical unit. The results suggest that further studies should be carried out in the prehospital setting which may eventually lead to the introduction of an independent prehospital diagnostic platform.
